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Field of the Invention 

[0001] The present invention relates to printed circuit board and, more 
specifically, to the arrangement of vias in a printed circuit board. 

BACKGROUND 

[0002] Printed circuit board (PCB) design is becoming increasingly complex due 
to a variety of factors. Such factors include increasing data rates of signals conveyed 
by printed circuit boards, increasing numbers of I/O signals per integrated circuit, 
decreasing sizes of printed circuit boards and integrated circuits, decreasing space 
between integrated circuits on printed circuit boards, increasing numbers of layers 
within printed circuit boards, and increasing printed circuit board thickness. Many of 
these factors lead to increasing trace and via density within printed circuit boards. 

[0003] Due to the combination of increases in trace and via density increases and 
as increases in signal data rates, traces and vias are experiencing increased amounts of 
crosstalk. Crosstalk occurs when signals being routed by neighboring signal lines 
interfere with each other. Crosstalk leads to increased signal noise, and this noise 
makes it more difficult for a receiver to correctly interpret the signal. 

[0004] In the past, crosstalk has been reduced by maintaining an amount of 
separation or isolation between traces and vias such that the crosstalk between signals 
conveyed by those traces and vias was minimized. Vias can be isolated by creating a 
virtual ground plane between vias. Typically, it is easier for designers to provide 
more space and/or more isolation between traces than it is between vias, especially in 
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areas of high via density, such as the area underneath a set of ball grid array 
connectors used to couple an integrated circuit to the printed circuit board. 
Accordingly, it is desirable to be able to decrease the crosstalk between vias in a 
printed circuit board. 

SUMMARY 

[0005] Various embodiments of systems and methods are disclosed for arranging 
vias in a printed circuit board. A first pair of vias, which conveys a first signal pair, is 
arranged in a plane that is substantially equidistant from the vias in a second pair of 
vias, which conveys a second signal pair. Similarly, the second pair of vias is located 
in a plane that is substantially equidistant from each via in the first pair of vias. In 
some embodiments, such an arrangement reduces the crosstalk effect of the first 
signal pair on the second signal pair. This in turn allows the first and second pairs of 
vias to be arranged more densely than would be possible in a traditional via 
arrangement that experiences the same amount of crosstalk (e.g., in a traditional via 
arrangement, the first and second pairs of vias might need to separated by ground vias 
in order to achieve the same amount of crosstalk reduction). 

[0006] The foregoing is a summary and thus contains, by necessity, 
simplifications, generalizations and omissions of detail; consequently, those skilled in 
the art will appreciate that the summary is illustrative only and is not intended to be in 
any way limiting. The operations disclosed herein may be implemented in a number 
of ways, and such changes and modifications may be made without departing from 
this invention and its broader aspects. Other aspects of the present invention, as 
defined solely by the claims, will become apparent in the non-limiting detailed 
description set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] A more complete understanding of the present invention may be acquired 
by referring to the following description and the accompanying drawings, in which 
like reference numbers indicate like features. 

[0008] FIG. 1A illustrates a top view of a printed circuit board, according to an 
embodiment of the present invention. 
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[0009] FIG. IB shows a cross section of the printed circuit board of FIG. 1 A. 

[0010] FIG. 2 A illustrates an arrangement of two pairs of vias, each of which 
conveys a respective signal pair. 

[0011] FIG. 2B illustrates another arrangement of two pairs of vias, each of which 
conveys a respective signal pair. 

[0012] FIG. 3 illustrates how several two-pair groups of vias, as shown in FIG. 
2A, can be arranged relative to each other in a printed circuit board, according to an 
embodiment of the present invention. 

[0013] FIG. 4 shows a top view of a printed circuit board that includes a group of 
two pairs of vias arranged similarly to the group of vias shown in FIG. 2A. 

[0014] FIG. 5 illustrates an integrated circuit that includes output leads configured 
to be coupled to a printed circuit board having a via arrangement such as the one 
shown in FIG. 2A. 

[0015] FIG. 6 is a flowchart of one embodiment of a method of making a printed 
circuit board having a via arrangement such as those shown in FIGs. 2A-2B. 

[0016] While the invention is susceptible to various modifications and alternative 
forms, specific embodiments of the invention are provided as examples in the 
drawings and detailed description. It should be understood that the drawings and 
detailed description are not intended to limit the invention to the particular form 
disclosed. Instead, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION 

[0017] FIG. 1A illustrates a top view of printed circuit board 100. Printed circuit 
board includes substrate 101, ball grid array 102, connectors 104A-104D, traces 
106A-106D, and backplane connector 108. Backplane connector 108 includes several 
signal connections 109. It is noted that FIG. 1 A is meant to provide an example of the 
types of components that may be present on a printed circuit board but is not 
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necessarily representative of the scale of the various types of components relative to 
each other and/or to the printed circuit board itself. Additionally, other embodiments 
can include different types and/or numbers of printed circuit board components. 

[0018] In some embodiments, substrate 101 is a multi-layer substrate. For 
example, substrate 101 can include several routing layers. Traces, such as traces 
106A-106D, can be routed on each of the different routing layers. For example, 
traces 106A and 106C can be routed on one routing layer, and traces 106B and 106D 
can be routed on a different routing layer. 

10019] Ball grid array (BGA) 102 is an example of a connector that can be used to 
couple an integrated circuit (not shown) to printed circuit board 101. Ball grid array 
102 includes connectors, such as connectors 104A-104D, that are configured to be 
coupled to an I/O (Input/Output) lead of an integrated circuit. Connectors 104A- 
104D each include a conducting pad configured to be coupled to a conductor on an 
integrated circuit by a solder ball formed on the underside of the integrated circuit. It 
is noted that a connector array can include a significantly larger number of connectors 
than are shown in FIG. 1 A. In other embodiments, connector technologies other than 
BGA are used to couple integrated circuits to printed circuit board 101. 

[0020] Each connector 104A-104D is coupled to a respective one of traces 106A- 
106D. The traces convey signals to and from the connectors. This allows an 
integrated circuit coupled to printed circuit board 100 by connectors 104A-104D to 
communicate with other devices on printed circuit board 100 and/or with devices 
external to printed circuit board 100. For example, FIG. 1A illustrates how at least 
some of signals operated on by such an integrated circuit can be communicated to 
connectors 109 included in backplane connector 108. In some embodiments, traces 
106A and 106D convey one signal pair, and traces 106B and 106C convey another 
signal pair. The two signal pairs can be generated by an integrated circuit coupled to 
printed circuit board 100 by connectors 104A-104D and provided to backplane 
connection 108 by traces 106A-106D. Alternatively, the two signal pairs can be 
generated by a component on the backplane or on another printed circuit board 
coupled to the backplane and provided from backplane connection 108 to an 
integrated circuit coupled to connectors 104A-104D by traces 106A-106D. Similarly, 
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one signal pair can be generated by such an integrated circuit, while the other signal 
pair is generated by a component on the backplane or another printed circuit board. 

[0021] Backplane connector 108 couples printed circuit board to a backplane 
(now shown). The backplane can provide an attachment point for several other 
printed circuit boards and allow the attached printed circuit boards to communicate 
various signals between each other. The backplane can also provide various signals, 
such as a power signal, to each attached printed circuit board. These signals can be 
conveyed to integrated circuits on each printed circuit board. 

[0022] FIG. IB shows a cross section of the printed circuit board of FIG. 1A. 
This view of printed circuit board 100 shows connectors 104A and 104B, which are 
located on a top layer of printed circuit board 100. Two routing layers, routing layer 
1 10A and routing layer 1 10B, are shown within substrate 101. Traces such as traces 
106A-106D can be formed on each routing layer. Here, traces 106 A and 106B (now 
shown in this view of printed circuit board 100) are formed on routing layer HOB. 
Since traces 106 A and 106B are not formed on routing layer 1 10A, vias are needed to 
respectively connect connectors 104A and 104D to traces 106A and 106D. Via 1 12A 
couples connector 104 A to trace 106 A on routing layer HOB. Via 112B couples 
connector 104B to trace 106B on routing layer HOB. 

[0023] FIG. 2A illustrates an arrangement of two pairs of vias, each of which 
conveys a respective signal pair. One pair of vias, which includes vias 112A and 
1 12D, conveys signal pair 1, and the other pair of vias, which includes vias 1 12B and 
112C, conveys signal pair 2. Each signal pair can be a differential signal pair (as 
shown in this example) or another signal pair that includes two related signals, such as 
a signal pair that includes two signals that are 180 degree out of phase with each 
other. 

[0024] In this example, the signal pairs are differential signal pairs. Via 112A 
conveys the positive channel of signal pair 1 . Via 1 1 2B conveys the negative channel 
of signal pair 2. Via 1 12C conveys the positive channel of signal pair 2. Via 1 12D 
conveys the negative channel of signal pair 1 . In one embodiment, each signal pair is 
a pair of signals having a data rate greater than about 250 megabits per second. 
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[0025] Via 1 12A and via 112D are located in plane 201B. Plane 201B is 
equidistant from vias 112B and 112C. Similarly, vias 112B and 112C are located in 
plane 201 A. Plane 201 A is equidistant from vias 112A and 112D. In the 
embodiment shown in FIG. 2 A, vias 112A-112D are arranged in their respective 
planes such that each via is located at the corner of a square. 

[0026] It is noted that the location of plane 201B is 'substantially' equidistant 
from both via 112B and via 112C, as opposed to being perfectly equidistant (plane 
201 A is similarly substantially equidistant from via 112A and 1 12D). The precision 
with which plane 20 IB is located depends on a variety of factors, including the 
precision of the measurements used to select the location of each via and the precision 
of the mechanisms used to form vias 1 12A and 11 2D in the printed circuit board. For 
example, due to use of a less precise measurement, plane 20 IB may be slightly closer 
to via 1 12C than it is to via 1 12B. Similarly, one end of plane 201B may be slightly 
closer to via 1 12C and the other end of plane 20 IB may be slightly closer to via 1 12B. 
Such arrangements of plane 20 IB, even though not perfectly equidistant from vias 
1 12C and 1 12B, can still provide a satisfactory amount of crosstalk cancellation. 

[0027] Since via 112B is located in plane 201 A, via 112B is substantially 
equidistant from vias 112A and 11 2D. Since each signal in signal pair 1 is 
approximately the same distance from the signals conveyed by vias 112B and 112C, 
the crosstalk effect (as seen by the component that receives signal pair 2 conveyed by 
vias 1 12B and 1 12C) of signal pair 1 on the signal conveyed by via 1 12B is reduced 
by the crosstalk effect of signal pair 1 on the signal conveyed by via 1 12C. In some 
embodiments, the crosstalk effect caused by signal pair 1 on one signal in signal pair 
2 is substantially canceled by the crosstalk effect caused by signal pair 1 on the other 
signal in signal pair 2. For example, if signal pair 2 is a differential signal pair, the 
noise injected to the positive channel (conveyed by via 1 12C) of the differential signal 
pair will have a 180 degree phase shift relative to the noise injected into the negative 
channel (conveyed by via 112B) of the differential signal pair. When differential 
signal pair 2 is received, the phase shift between the noise injected into the different 
channels of the differential signal pair will substantially cancel out the effective noise 
seen by the receiver. 
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[0028] The arrangement shown in FIG. 2A allows vias carrying different signal 
pairs to be arranged in relatively close proximity to each other and/or reduces the 
noise caused by crosstalk between the vias. For example, no isolation vias or extra 
spacing is provided between vias 1 12B (which conveys the negative channel of signal 
pair 2) and 112A (which conveys the positive channel of signal pair 1). To provide 
the same resistance to crosstalk without arranging each pair of vias in the plane 
located between the other pair of vias (as shown in FIG. 2A), isolation vias or 
increased spacing would be needed to separate the vias carrying the different signal 
pairs. Accordingly, a given level of noise due to crosstalk can be maintained for a 
more dense arrangement of the four vias if each pair of vias is located in a plane 
substantially equidistant from each via in the other pair of vias. In other 
embodiments, an arrangement of vias like that shown in FIG. 2A provide improved 
density and reduced noise due to crosstalk. In still other embodiments, such an 
arrangement of vias provides reduced noise due to crosstalk for a given density of 
vias. 

[0029] Vias 112A-112D, as shown in FIG. 2 A, can be arranged underneath 
connectors used to couple an integrated circuit to a printed circuit board (e.g., as 
shown in FIGs. 1A and IB). An integrated circuit designed to be coupled to a printed 
circuit board that has the via arrangement shown in FIG. 2A will have input and/or 
output connectors arranged in a corresponding configuration so that the appropriate 
signal pairs will be provided to and/or received from vias 1 12A-1 12D. It is noted that 
unless traces on the top layer of the printed circuit board are provided to couple to the 
input and/or output connectors of the integrated circuit, vias will be needed to convey 
input and/or output signals to and/or from the integrated circuit's connectors. For 
example, in a BGA configuration, unless the printed circuit board includes traces 
configured to be coupled to solder ball connectors on the integrated circuit, the 
integrated circuit will include vias that are configured to be coupled to the solder ball 
connectors. In those situations, an arrangement of vias such as the one shown in FIG. 
2A can allow a more dense arrangement of the integrated circuit's connectors and/or 
reduce the noise caused by crosstalk between signal pairs conveyed by the vias. 

[0030] FIG. 2B shows a slightly different arrangement of two pairs of vias. In 
this example, the distance between vias 1 12B and 1 12C is different than the distance 
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between vias 112A and 11 2D. However, vias 112B and 112C are still located in 
plane 201 A, and vias 112A and 112D are still located in plane 201B. In contrast to 
FIG. 2A, the vias of FIG. 2B are not arranged so that each via is located at the corner 
of a square. As will be appreciated, all or some of the aforementioned advantages 
regarding crosstalk can still be provided by the embodiment of FIG. 2B, despite the 
differences in arrangement from the embodiment of FIG. 2A. It is noted that still 
other configurations, in addition to the configurations provided as examples in FIGs. 
2A and 2B, can be implemented in other embodiments, and that these other 
configurations can also provide all or some of the aforementioned advantages. 

[0031] FIG. 3 illustrates how several two-pair groups of vias, as shown in FIG. 
2A, can be arranged relative to each other in a printed circuit board, according to one 
embodiment. In this example, there are four two-pair groups of vias: vias 112A- 
1 12D, vias 1 12E-1 12H, vias 1 12J-1 12M, and vias 1 12N-1 12R. Each two-pair group 
of vias conveys two signal pairs. 

[0032] The first two-pair group of vias includes vias 112A-112D and conveys 
signal pairs 1 and 2. The positive channel of signal pair 1 (labeled "1+") is conveyed 
by via 1 12 A, the positive channel (2+) of signal pair 2 is conveyed by via 1 12B, the 
negative channel (2-) of signal pair 2 is conveyed by via 112C, and the negative 
channel (1-) of signal pair 1 is conveyed by via 11 2D. Similarly, vias 112E-112H 
convey signal pairs 3 and 4, vias 112J-112M convey signal pairs 5 and 6, and vias 
1 12N-1 12R convey signal pairs 7 and 8. 

[0033] Within each two-pair group, the vias that convey one signal pair are 
located in the plane substantially equidistant from the vias that convey the other signal 
pair, and vice versa. For example, vias 112P and 112Q, which convey signal pair 8, 
are located in the plane that is substantially equidistant from vias 112N and 112R, 
which convey signal pair 7. Vias 1 12N and 112R are similarly located in the plane 
that is substantially equidistant from vias 1 12P and 112Q. 

[0034] The signals conveyed by vias 112A-112D are isolated from other signals 
being conveyed by surrounding vias by ground vias 301A-301F. Signal pairs 1 and 2 
are isolated from crosstalk effects that might otherwise be caused by neighboring 
signals but for the presence of the ground vias. In particular, ground vias 301E-301F 

-8- 

Cliem Reference: 7988/325896 



Attorney Docket No.: CIS0203US 

* i 

isolate vias 1 12A-1 12D from vias 1 12E-1 12H. Vias 1 12E-1 12F are similarly isolated 
from vias 1 12A-1 12D by ground vias 301E-301F. Vias 1 12E-1 12F are isolated from 
vias on other sides by ground vias 301G-301K. Ground vias 301L-301K isolate vias 
1 1 2- 1 1 2H from vias 1 1 2 J- 1 1 2M. 

10035] Vias 112J-112M are isolated from other vias by ground vias 301L-301R. 
Particularly, ground vias 301L-301M isolate vias 112J-112M from vias 112E-112H, 
and ground vias 301N-301P isolate vias 112J-112M from vias 112N-112R. Vias 
1 12N-1 12R are similarly isolated from other vias by ground vias 301N-301P. 

[0036] As shown in FIG. 3, each two-pair group of vias is electromagnetically 
isolated from each other two-pair group of vias by one or more isolation vias placed 
between neighboring two-pair groups of vias. In the illustrated embodiment, each 
isolation via is a ground via (e.g., any of ground vias 301 A-301R) that is electrically 
connected to a ground plane within the printed circuit board. 

[0037] FIG. 4 shows a top view of a printed circuit board that includes a group of 
two pairs of vias, 112A-112D, arranged similarly to the group of vias shown in FIG. 
2 A. Each via 1 12A-1 12D is coupled to differential signal source 410 by a respective 
trace 106A1-106D1. For example, via 112A is coupled to differential signal source 
410 by trace 106A1, via 112B is coupled to differential signal source 410 by trace 
106B1, via 112C is coupled to differential signal source 410 by trace 106C1, and via 
11 2D is coupled to differential signal source 410 by trace 106D1. Differential signal 
source 410 includes a differential signal source for a first signal pair, which is 
conveyed by vias 1 12A and 1 12D, and for a second signal pair, which is conveyed by 
vias 1 12B and 1 12C. Differential signal source 410 can be included in an integrated 
circuit in some embodiments. 

[0038] Each via 1 12A-1 12D is also coupled to differential signal receiver 412 by 
a respective one of traces 106A2-106B2. For example, via 112A is coupled to 
differential signal receiver 412 by trace 106A2, via 112B is coupled to differential 
signal receiver 412 by trace 106B2, via 1 12C is coupled to differential signal receiver 
412 by trace 106C2, and via 112D is coupled to differential signal receiver 412 by 
trace 106D2. 
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[0039] It is noted that while differential signal source 410 and differential signal 
receiver 412 are each shown as a single device in FIG. 4, these components can be 
implemented as separate components in other embodiments. For example, the 
differential signal source of the differential signal pair conveyed by vias 112A and 
11 2D may be included in a different integrated circuit than the differential signal 
source for the differential signal pair conveyed by vias 1 12B and 1 12C. 

[0040] The traces conveying each of the two signal pairs can be on different 
layers of printed circuit board 100. For example, in one embodiment, traces 106A1 
and 106D1, which convey one signal pair, are located on an adjacent routing layer to 
the routing layer on which traces 106B1 and 106C1, which convey the other signal 
pair, are located. In another embodiment, traces 106A1-106D1 are located on the 
same routing layer. In some embodiments, the traces conveying a given signal pair 
are routed as a loosely coupled differential pair, which means that the traces 
conveying that signal pair may not maintain a fixed spacing between each other. 

[0041] The skew of each pair of traces (a pair of traces includes traces that convey 
signals in the same signal pair) is matched at both vias 1 12A-1 12D and at differential 
signal receiver 412. For example, vias 112A and 112D convey one signal pair. 
Traces 106A1 and 106D1 each convey one of the signals in that signal pair from 
differential signal source 410 to vias 1 12A and 1 12D. The skew of trace 106A1 at the 
point trace 106A1 couples to via 112A is matched to the skew of trace 106D1 at the 
point trace 106D1 couples to via 11 2D. Similarly, the skew of traces 106B1 and 
106C1 is matched at vias 112B and 112C, respectively. In some embodiments, 
matching the skew between a given pair of traces involves matching the electrical 
length of that pair of traces. 

[0042] The skew of trace 106A2 at the point trace 106A2 couples to differential 
signal receiver 412 is matched to the skew of trace 106D2 at the point trace 106D2 
couples to differential signal receiver 412. The skew of traces 106B2 and 106C2 is 
similarly matched at differential signal receiver 412. 

[0043 J FIG. 5 illustrates an integrated circuit that includes output leads configured 
to be coupled to a printed circuit board having a via arrangement such as the one 
shown in FIG. 2A. As shown in FIG. 5, integrated circuit 500 includes core circuitry 
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502 and several input and/or output leads 504A-504D. Input and/or output leads 
504A-504D each convey a signal between core circuitry 502 and a printed circuit 
board. Core circuitry 502 is configured to process a first signal pair and a second 
signal pair. 

[0044] Core circuitry 502 can process each of the signal pairs by generating or 
receiving that signal pair. For example, core circuitry 502 can include a differential 
signal source configured to generate the first signal pair. Similarly, core circuitry 502 
can include a differential signal receiver that receives the second signal pair and 
operates in response to the second signal pair. For example, the second signal pair 
can be a differential clock signal that controls the operation of the differential signal 
receiver. 

[0045] Core circuitry 502 communicates the first and second signal pairs to and/or 
from the printed circuit board by way of input and/or output leads 504A-504D. Input 
and/or output leads 504A-504D are designed to be used in a BGA configuration in 
one embodiment (e.g., each lead can include a solder ball configured to be coupled to 
a corresponding connector on a printed circuit board). 

[0046] A first pair of leads, leads 504A and 504D, conveys signal pair 1, while a 
second pair of leads, leads 504B and 504C, convey signal pair 2. Leads 504A and 
504D are positioned in a plane that is substantially equidistant from leads 504B and 
504C. Similarly, leads 504B and 504C are positioned in a plane that is substantially 
equidistant from leads 504A and 504D. This arrangement of the leads is similar to the 
via arrangement shown in FIG. 2A. By having such an arrangement, integrated 
circuit 500 can be coupled to a printed circuit board that features a via arrangement 
like that shown in FIG. 2A. 

[0047] FIG. 6 is a flowchart of one embodiment of a method of making a printed 
circuit board having a via arrangement like the arrangements shown in FIGs. 2A-2B. 
At 601, a first pair of vias is formed in a substrate such that the vias are positioned in 
a first plane. A second plane is equidistant from each via the first pair of vias. 

[0048] At 603, a second pair of vias is formed in the substrate such that the vias 
are positioned in the second plane. The first plane is equidistant from each via in the 
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second pair of vias. In some embodiments, the performance of functions 601 and 603 
can arrange the two pairs of vias so that each via is located at a respective corner of a 
square. The first plane and the second plane each form a respective diagonal of the 
square. 

[0049] At 605, the first pair of vias is coupled to receive a first signal pair. For 
example, the first pair of vias can be coupled to receive a differential signal pair. 
Coupling the first pair of vias to receive a signal pair can involve electrically 
connecting each via in the first pair of vias to a respective BGA connector (non-BGA 
connection technologies can be used in other embodiments). The vias can be directly 
connected to the respective BGA connectors (e.g., each via can be located directly 
underneath the BGA connector to which that via is connected) or indirectly (e.g., a 
trace leading away from the BGA connector can couple the via the the BGA 
connector). The respective BGA connectors are coupled to receive the differential 
signal pair from a differential signal source in an integrated circuit or to provide the 
differential signal pair to a differential signal receiver included in an integrated 
circuit. An integrated circuit having an appropriate lead configuration can then be 
coupled to the BGA connectors. 

[0050] The second pair of vias is coupled to receive a second differential signal 
pair at 607. The second pair of vias can be coupled to receive the second differential 
signal pair in similar ways to those described above for the first pair of vias. 

[0051] In some embodiments, additional groups of similarly arranged two-pair 
groups of vias are formed on the printed circuit board. For example, in one 
embodiment, a third and a fourth pair of vias are formed in the substrate. The third 
pair of vias is positioned in a third plane, which is substantially equidistant from each 
via in the fourth pair of vias. Similarly, the fourth pair of vias is located in a fourth 
plane, which is substantially equidistant from each via in the third pair of vias. 
Neighboring two-pair groups of vias can be isolated from each other by forming 
isolation vias between the neighboring two-pair groups. 

[0052] Each pair of vias can be coupled to additional printed circuit board 
components by a pair of traces. The skew of each pair of traces can be matched 
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between the differential signal source and the vias and between the vias and the 
differential signal receiver. 

[0053] Although the present invention has been described with respect to specific 
embodiments thereof, various changes and modifications may be suggested to one 
skilled in the art. It is intended such changes and modifications fall within the scope 
of the appended claims. 
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